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Abstract
Thirty microsatellite markers developed for River catfish (Hemibagrus nemurus) were screened for cross 
amplification in six species of catfish. Out of 30 primers, only 3 (10?) to 6 (20?) produced successful 
amplifications in six catfish species. Six different loci could be amplified in Pangasius pangasius and Clarias 
batrachus, 5 loci in Clarias gariepinus, 4 loci in Pseudomystus siamensis and 3 loci in Clarias macrocephalus and 
Pangasius nasutus. The low rate of amplification in these 6 closely related species proved the primers are locus-
specific. Sequence analysis of locus MnRm7-1 showed differences in the flanking region and repeat motif 
in certain species, suggesting the existence of indel mutations in catfish species in that particular region. 
The examined DNA sequence revealed that the repeat motif is conserved within Pangasiid catfishes and not 
conserved within Clariid catfishes.
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Catfish are an important fishery resource both 
as a source of income and an alternative protein 
for most Southeast Asian nations1?3). Indeed, in the 
most recent accounting, catfi sh species made up for 
67? of total freshwater aquaculture production in 
Malaysia4). Catfi sh have also been used as an animal 
model in reproductive, physiological and genetic 
studies. Species from three major families?namely, 
Bagriidae, Clariidae and Pangasiidae?are of partic-
ular commercial importance and widely cultured in 
Southeast Asia.
The study of genetics has been of major impor-
tance for the aid aquaculture sector and assist con-
servation programme. Microsatellite DNA markers 
are short tandem repeat motifs with high levels of 
polymorphism5,6), and are distributed in both coding 
and non-coding regions7). These markers have been 
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a subject of great interest due to their co-dominant 
characteristics, which make them more informative 
than dominant markers such as RAPD and AFLP. In 
aquaculture, microsatellites have become one of the 
most useful molecular markers in fish population 
studies and have supplemented conventional mark-
ers such as allozymes and mitochondrial DNA that 
show totally low overall levels of variation8).
Microsatellite markers also show high allelic vari-
ation that makes them effective as markers in many 
genetic studies. Microsatellite markers are widely 
applied in studies on population genetic structures 
and genetic diversity of species. However, the devel-
opment of microsatellite markers is very time- con-
suming and labor-intensive. As a potential alterna-
tive, some microsatellite markers have been shown 
to be conserved within related taxa9,10). Through 
cross-species amplification, microsatellite markers 
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developed for source species can be amplifi ed in tar-
get species11,12). Cross-species amplifi cation in catfi sh 
species has been tested by many researchers, and 
has led to the identifi cation of polymorphic microsat-
ellite loci in target species13?15).
In the present study, we examined cross-species 
amplification of primers developed for the river 
catfish H. nemurus in 6 catfish species collected in 
Malaysia. Our objective was to identify potential mi-
crosatellite markes that could be used in target spe-
cies.
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1. Fish Samples
?A total of 210 samples of 7 catfi sh species were col-
lected from 7 locations in Peninsular Malaysia. Fresh 
samples were identifi ed based on previous study16), 
labelled, and immediately frozen at -20? in order to 
preserve their condition.   Details of each sample are 
represented at Table 1.
2. DNA Extraction
?The muscle tissues were taken from fresh samples 
for the DNA extraction process. The DNA extraction 
was performed using commercial Promega® Wizard 
Genomic DNA Purification Kit. DNA quantification 
was performed and DNA maintained at a tempera-
ture below -20? until further use. Thirty microsat-
ellite primer pairs developed17?20) were tested on 7 
species in this study (Table 2).
3. PCR Conditions and Electrophoresis
Each primer selected was tested for cross-ampli-
fication in every species using Touchdown PCR or 
normal PCR.  The PCR conditions are as follows: 
95? for 3 min, followed by 5 cycles of 95? for 30s 
and annealing at different temperature (see Table 
3) or following touchdown PCR for 45s, and 72? 
for 60s and extension of 72? for 15 minutes. The 
primers and its repeat sequence were represented 
at Table 2. Since several primers show problems 
during amplifi cation, PCR touchdown (MJ Research, 
USA) was performed to screen for primers capable 
of amplifying the selected DNA region The PCR 
touchdown with 5 different annealing temperatures 
(60,58,56,54,52,48) consisting 5 cycles for each an-
nealing temperatures respectively.
A 10 μl PCR reaction consisting of 1.5-2.5 mM 
MgCl2, 0.2 mM dNTP, 0.5 μM of the for ward 
and reverse primer, 1X of Buffer, 0.1 unit of Taq 
Polymerase and 0.1 μl genomic DNA as template. 
Initially, 3 random samples from each species were 
used during the optimization. The primers that 
showed positive amplifications were further evalu-
ated using larger number of samples. PCR product 
was resolved by electrophoresis on 2.5? metaphor 
agarose gels, stained with GelRed™ 3X (GENTAUR) 
and viewed under UV and photographed using Alpha 
imager Gel Documentation System (Syngene).
4. DNA Purifi cation and Sequencing
The target PCR product from single individual of 
each species was excised from the gel and purifi ed 
using GeneJETTM PCR Purification Kit - Fermentas, 
then used for sequencing analysis. DNA sequence 
obtained for each species was submitted to the online 
program WebSAT21 (http://wsmartins.net/websat/) 
to identify tandem repeats in each sequence. 
Repeated sequence repeat was considered a micro-
satellite when the number of repeats was more than 
three. All sequences were deposited at DNA DATA 
Bank of Japan (DDBJ).
Table 1.  Sample size of each species used in this study
Family Species Sample size Collection Date Location
Bagridae  Hemibagrus nemurus 30 March 2009 Tasik Banding, Perak
Pseudomystus siamensis 30 April 2011 Jelebu, Negeri Sembilan
Pangasidae Pangasius pangasius 30 March 2009 Kuala Kangsar, Perak
Pangasius nasutus 30 June 2010 Perlok, Pahang
Clariidae Clarias macrocephalus 30 Dis 2008 Maran, Pahang
Clarias batrachus 30 Jan 2009 Yong Peng, Johor
Clarias gariepinus 30 April 2009 UPM Hatchery, Selangor
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Table 2. Information of microsatellite loci of Hemibagrus nemurus used in this study
No Locus Primer sequences Expected size  Tandem  repeat Accession Number Source
1 MnBP5-1-115b F: TTTTGCTACTAGAGACTGAC  179 bp (GT)4 AF544042 Hoh et al. 2013
19)
R: TAGGCAAAACGTGTACTTG
2 MnBP5-2-05 F: CAAGTGCAAAGACAGACAGA 186 bp (TGGA)2N(AGAC)3 AY207448 Hoh et al. 2013
19)
R: TCTCTAAGGCTATCCATCCA
3 MnBP5-2-05d F: CATGGTGGATGGATAGATTT 168 bp (TGGA) AY207448 Hoh et al. 201319)
R: TGTTATCATACACCAGTCAC
4 MnBP5-2-06b F: CGTGTCCAGACATGGTTAAT 164 bp (CAT)2CAC(CAT)8 AY671084 Hoh et al. 2013
19)
R: GAGTGGGCGACTTTCAG
5 MnBP5-2-06c F: CCCACTCTTCCTTCTTATCC 132 bp (TCT)3(CT)7 AY671084 Hoh et al. 2013
19)
R: TGGTCTGAGCGCTAGAG
6 MnBP5-2-24b F: GTCATATTTGCTTTGGCAGT 139 bp (AAG)3(AG)6 AY207450 Hoh et al. 2013
19)
R: GTGGTTTTGAATGTTCTCTG
7 MnBP5-2-27 F: TTATAACAGGGGAGTGAAGG 270 bp (CT)8 AY207449 Hoh et al. 2013
19)
R: CAAGTGCAAAGACAGACAGA
8 MnBP5-2-2a F: GGTCGACAGCGAGAGAGAG 242 bp (GT)12N5(GA)5 AY205994 Hoh et al. 2013
19)
R: TCCTGAACTGCTCAGATTTT
9 MnBP5-2-2c F: GCCCAATACACTGAATGAAC 245 bp (CT)8 AY205994 Hoh et al. 2013
19)
R: TTCTCTGAGCGAAGAGAG
10 MnBP5-2-05c F: TGGATGGATAGCCTTAGAGA 215 bp (TGGA)2N(AGAC)3 AY207448 Hoh et al. 2013
19)
R: CCACCCAATCACTTATTTGT
11 MnBP5-2-06a F: GGTTCGCCCGAGAGAGAGAG 168 bp (GA)3 AY804195 Hoh et al. 2013
19)
R: CGGGGTTAGAACACACATCC
12 MnBP5-2-13b F: CCGCTTTTTATTAGTCCTCA 234 bp (CTCAT)2 AY804209 Hoh et al. 2013
19)
R: CACAGAAACAGGGTTTGAA
13 MnBP5-2-22a F: TGTCTGAGCCAGAGAGAGA 365 bp (GA)9 AY205998 Hoh et al. 2013
19)
R: GTCTCTGATGGTGTTTGCTT
14 MnBP8- 4-26b F: GCAACTTGCACAGTATTT 174 bp (T)8(TAA)4 AY860214 Hoh et al. 2013
19)
R: ATGCGAAATTTGCACAGA 
15 MnBP-8-4-34a F: GCCTACTGTTGTTGTTGT 232 bp (GTT)5(ATT)11 AY806222 Hoh et al. 2013
19)
R: GTGGCCAGAAAAGTGTAGAA
16 MnBP8-4-26a F: TTTCTGTTGTTGTTGTTG 138 bp (GTT)7(TTA)3 AY860214 Hoh et al. 2013
19)
R: GCACAAAATACTGTGCAA
17 MnBP4-2-08 F: GCCCAGGACACACACACA 183 bp (AC)5(TG)7 AY804197 Hoh et al. 2013
19)
R: TATGGCTCCCTCACACA
18 MnRmB1-2 F: TTAGCTGACAGGATGCACTG 160-230 bp (CAT)6 - Chan et al. 2005b
18)
R: GTTCCGTATGATGATGATGATG       
19 MnRmC8-1 F: TGTGCGCGATGTGTGTGT 280 bp (GT)8 - Chan et al. 2005b
18)
R: GAAACTGCTGGTTTTGTCAGC
20 MnRm D11-1 F: GATCCCGAAAGAAATTCCA 180-240 bp (CT)29 - Chan et al. 2005b
18)
R: GTTAGCGGATAGATAGATAG
21 MnRm7-1 F: TTTTTCTCTCGCTGTCTCTC 174 bp (CT)5 - Chan et al. 2005b
18)
R: GCAGAGTTTGGGTGACATAC 
22 MnSC4-3b F: GCCAAGGAGCTATGAACTGG 208 bp (GAT)6(TGG)6 - Keong et al. 2008
20)
R: GACGCAACTATGTCCACCAC 
23 MnSC3-15b F: TCCCTTTGTTGGAGTTAGGG   166 bp (GAC)4 - Chan et al. 2005b
18)
R: GGAGGAAAAACCACAGAGTC 
24 MnLR2-1-15b F: TACGGAATCCGAGGTCACTC 206 bp (CT)17(GAATG)2 - Chan et al. 2005b
18)
R: AAGCGGGCGGCTCTCTCT (GA)5(AG)6
25 MnLR2-1-17b F: GCAGTTTCCTTCTCTTCACT 132 bp (TG)11(AG)12 - Chan et al. 2005b
18)
R: GGGGGGCGCGCAACTCTCTC  
26 MnLR2-1-21a F: GGAAAGGGCGAGGCTCTC  199 bp (CT)6 - Chan et al. 2005b
18)
R: GTCGAGGGTGAAGAGGGAAG 
27 MnLR2-1-21c F: GGAAAGGGGAGGCTCTCTCT 177 bp (CT)6 - Chan et al. 2005b
18)
R: AGCTCAATAAGGTGCCATGC 
28 MnB10-2-17 F: CGGATACGTGTTGCTTTC 248 bp (CTTTC)2(GA)26 - Chan et al. 2005b
18)
R: GCTCCTGTGCGCGGCTCT
29 MnLR2-2-11 F: GGAAGGCGCGAGGCTC 204 bp (CT)9(T)9 - Chan et al. 2005b
18)
R: GGGAGAAGGGCCTCTC (A)8T(GA)6
30 MnLR2-1-52a F: TCCCCTTTTTATTGCCATTC 189 bp (GA)22(T)8 - Chan et al. 2005b
18)
R: GGAACGAGGAGGGCTCTCTCT
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1. Cross-species Amplifi cation
Thairty heterologous microsatellite loci were test-
ed on 6 species of freshwater catfish in the cross-
species amplifi cation experiment. Only 3 (10?) to 6 
(20?) primers produced successful amplifi cations in 
the 6 catfi sh species. The amplifi cations were consid-
ered successful when they produce amplicons in size 
ranges similar to those in H. nemurus. In the species 
in which the amplifi cation was succeeded the ampli-
cons were observed in all individuals. The numbers 
of alleles and annealing temperatures (Ta) of success-
fully amplifi ed primers were listed in Table 3.
 In P. siamensis, 4 primers (MnBP5-2-24b, MnRm7-
1, MnSC4-3b and MnRmC8-1) were amplified and 3 
of them showed polymorphism, with MnSC4-3b being 
the monomorphic. Six loci were amplifi ed in Pangasius 
pangasius (MnBP5-2-24b, MnRmB1-2, MnRmC8-1, 
MnRm7-1, MnSC4-3b and MnLR2-1-21c) and 3 showed 
polymorphism (MnRmB1-2, MnRm7-1, and MnLR2-1-
21C). In P. nasutus, only MnBP5-2-24b and MnRm7-1 
produced polymorphic bands while MnBP5-2-24b and 
MnRmC8-1 were monomorphic.  For Clariid catfish, 
6 loci were amplified in C. batrachus (MnRmC8-1, 
MnRm7-1, MnSC4-3B, MnLR2-1-15b, MnLR2-1-17b 
and MnLR2-2-11), 3 in C. macrocephalus (MnRmC8-1, 
MnRm7-1, and MnSC4-3b) and 5 in C. gariepinus 
(MnBP5-2-24b, MnRm7-1, MnSC4-3b, MnLR2-1-15b 
and MnLR2-2-11). Only the primer for locus MnRm7-
1 was amplifi ed in all 7 species. Because of metaphor 
agarose gels high resolution performance, a single 
band was assumed as monomorphic.
2. DNA Sequence of MnRm7-1 in 6 Catfi sh Species
?Locus MnRm7-1 showed amplification in all spe-
cies thus selected to get the sequence information 
of H. nemurus and other 6 catfi sh species. The varia-
tions in sequence were observed and cross-amplifi ed 
microsatellite motifs were highlighted in different 
colours in Fig. 1.
In P. siamensis, the forward flanking regions (10 
bases) exhibit high similarity to the source sequenc-
es. On the other hand, the sequences from the other 
5 species were different from that of H. nemurus. 
Most of them seem to have undergone substitutions. 
In the source species, the tandem repeat was CT 
with 5 repeats. The same repeats were also observed 
in P. siamensis (4 repeats), P. nasutus (5 repeats) and 
C. macrocephalus (5 repeats). For P. pangasius, the 
tandem repeat was TC, and the number of repeats 
was 8.  A compound simple sequence repeat for lo-
cus MnRm7-1 was observed in C. batrachus and C. 
gariepinus.
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Primer pairs developed for the river catfish, 
Hemibagrus nemurus could be successfully amplifi ed 
in the other 6 catfi sh species selected for this study. 
Out of the 30 primers selected, 9 showed promising 
results. In previous studies, various groups have 
attempted cross-species amplification in freshwater 
fi shes22). These attempts have generally involved ob-
taining amplicons from species closely related to the 
source species.  To a certain extent, the loci that can 
be amplifi ed in distant taxa, such as between loci in 
Table 3. Number of alleles and annealing temperature (Ta) of amplifi ed microsatellite loci in six catfi shes
Species H. nemurus P. siamensis P. pangasius P. nasutus C. batrachus C. macrocephalus C. gariepinus
Locus Number of alleles and Ta (?)
MnBP5-2-24b 48 (2)Tc (1)Tc (2)48 - - (1)Tc
MnRmB1-2 55 - (2)48 - - - -
MnRmC8-1 54 (2)Tc (1)48 (1)58 (1)48 (1)Tc -
MnRm7-1 48 (2)60 (3)58 (2)60 (2)Tc (2)58 (3)Tc
MnSC4-3b 50 (1)Tc (1)Tc - (1)Tc (2)Tc (2)Tc
MnLR2-1-15b 48 - - - (1)Tc - (1)Tc
MnLR2-1-17b 48 - - - (1)Tc - -
MnLR2-1-21c 54 - (3)Tc - - - -
MnLR2-2-11 54 - - - (4)Tc - (2)48
Tc is Touchdown procedure.
Number of alleles is written in bracket.
??
fi shes, can also be amplifi ed in arthropods.
The rate of success in cross-species amplifi cation 
studies is also affected by the method adopted. The 
most commonly used method is to use the primers 
developed for various source species and to attempt 
to cross-amplify them in one or two target species23, 24). 
Another method is to diversify the target species and 
test the primer developed from a single source spe-
cies14,15). In this study, the second method was adopt-
ed because the number of target species was 6 and 
the primers developed for the source species had 
already been tested for cross-species amplifi cation in 
other species25).
The rate of successful cross-species amplifi cation 
is normally predicted based on their relatedness in 
phylogeny26, 27). Indeed, one theory has suggested 
that the more evolutionarily distant a taxon, the low-
er the chance of successful amplifi cation25). A species 
in the same genus is generally assumed to have a 
greater chance of success. However, our present 
result did not follow the phylogenetic relationship 
theory. The data obtained herein suggested that the 
Fig. 1. Repeat motifs in microsatellite sequences of locus MnRm7-1 in seven selected catfi sh species.
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rate of successful cross-species amplifi cation is locus 
specific, and independent of the genetic distance 
between source species and target species. In this 
study, MnRmB1-2 and MnLR2-1-21C showed no 
amplifi cation in Pseudamystus siamensis belonging to 
the family as  source species but were amplified in 
P. pangasius from the Family Pangasiidae. The same 
phenomenon was observed for the loci MnLR2-1-
15b, MnLR2-1-17b and MnLR2-2-11 which were am-
plifi ed in C. batrachus but not in P. siamensis. These 
loci showed their specifi city only when amplifi ed in 
certain species that are relatively distant from the 
source species. MnSC4-3b showed amplifications 
in 5 of the 6 other catfi sh species in this study, with 
the exception being P. nasutus, suggesting that the 
locus is conserved in certain catfish and cyprinid 
species. However, MnLR2-1-17b was not amplifi ed in 
5 of the 6 catfish species, with the exception being 
C. batrachus, suggesting that this locus is species 
specifi c. The results in this study suggested that the 
loci developed for H. nemurus are locus specifi c and 
conserved among various species without regard to 
genetic relationship with source species. The length 
of the primers and the degree of conservation in that 
particular locus appear to have a minimal effect on 
the probability of amplifi cation28).
The results of this study also disclose that the op-
timum annealing temperature (Ta) of the 6 species 
of catfish tested differs from that of in H. nemurus 
for each primer with except in the case of MnBP5-2-
24b (Table 3), with the Ta in P. nasutus being similar 
to the Ta in H. nemurus. Some successfully amplifi ed 
primers in this study showed lower annealing tem-
perature than reported in source species while the 
other showed amplification when using touchdown 
PCR protocol. MnRm7-1 showed higher annealing 
temperature in some sample species than in source 
species.  A general trend that cross-species amplifi -
cation has lower annealing temperature than original 
amplifi cation20, 28).
Cross-species amplifi cation is a method of utilising 
primer pairs designed for a specifi c species (source 
species) in other species (target species) which 
normally closely related27, 29). However, the data of 
all the PCR products generated in the target species 
have only been analyzed based on their banding 
patterns29). There have been few analyses of the 
successful cross-species amplification data at the 
sequence level30,31). Thus, heterozygosity cannot be 
compared between species.
Previous study proposed that the PCR product 
generated from cross-species amplifi cation to be an-
alyzed at the sequence level to identify the homology 
between source and target species31). In this study, 
the primer designated for the flanking region of 
locus MnRm7-1 showed amplification in 6 species. 
Heterozygosity could be observed in the DNA se-
quences among the species.
Amplification products of target species were 
sequenced directly to confirm their identity wheth-
er the flanking sequences and repeat motifs were 
conserved in length. Each species showed se-
quences in flanking regions with slightly dif fered 
among the species, which means the possibility that 
heterologous or orthologous loci were amplified. 
Microsatellite primer pairs that can amplify loci in 
non-specific species are called orthologous or het-
erologous primers32). The amplification of non-ho-
mologous loci has been observed in reptilia33). In 
fish, however, cross-species amplification varies, 
showing a tendency to amplify homologous loci in 
species such as flatfish34) and non-orthologous loci 
in catfi sh31). Heterologous microsatellites have been 
suggested for use in genetic polymorphism tests 
and genetic variability evaluations35, 36). The present 
analysis also disclosed that the repeat motifs are 
conserved in Pangasiid catfishes but not in Clariid 
catfi shes. A notable feature is that the repeat struc-
ture of this locus was slightly different among these 
species: (CT)5 in the source species,  P. Siamensis,  P. 
nasutus and C. macrocephalus, (TC)8 in P. Pangasius, 
(TC)10N(A)10 in C. gariepinus  and are (CTT)5 and 
(TC)6 in C. batrachus. The variation among species 
occurs with respect to the pattern of tandem repeats 
and the number of repeats in microsatellite DNA. 
The WebSat program uses the color orange to high-
light overlapping pairs of SSRs (have something in 
common the base T). Thus, the last base (T) of the 
fi rst SSR (CTT)5 is also the fi rst base (T) of the sec-
ond SSR (TC). This contradicts the idea that the rate 
of base substitution in aquatic organisms is lower 
than that in terrestrial organisms9). The amplifica-
tion products in Clariid catfi sh provided evidence of 
indels in the flanking sequences and repeat motifs. 
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Amplification of non-orthologous loci will lead to 
obvious complications in phylogenetic inference, 
population genetics and evolutionar y studies31). 
Therefore, we recommend that sequence analysis of 
cross-amplification products be performed prior to 
their application, as previously suggested31).
Cross-species amplifi cation is a method for identi-
fying potential DNA microsatellite markers in source 
species to be amplified in target species. The poly-
morphic marker in cross-species amplifi cation can be 
used in the genetic study of target species. This obvi-
ates the need for developing new DNA microsatellite 
markers for target species which requires high skill, 
consumed more labour, time and money. However, 
the possibility of obtaining polymorphic loci is un-
certain. In this study, the results showed uncertainty 
in the success of cross-species amplification, with 
few loci exhibit polymorphism. In the future, fur-
ther studies of cross-species amplifi cation in catfi sh 
and also another species will need to be performed 
with more closely related species to obtain the 
DNA sequences of successfully amplifi ed loci. Since 
the idea of close relationship having high success 
rate in cross-amplification is not applicable to this 
study, it is suggested that the markers that showed 
good performance in previous cross-amplification 
attempts should be used in the next study. Greater 
numbers of samples (100 specimens for species) and 
larger populations should be examined using more 
primer pairs in the screening process to increase 
the likelihood of obtaining polymorphic markers. 
Indeed, there are shor tcomings in previous re-
searches on the cross-amplifi cation of non-homolog 
loci. However, cross-species amplification is not 
useful for the comparison of genetic diversity and 
differentiation among different species. It is neces-
sary to identify the homology of DNA sequence in
microsatellite DNA regions of species and/or local 
strains to compare.
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